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(54) DRIVE CIRCUIT FOR INSULATED GATE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accelerate switching speed while 
suppressing transient voltage or current oscillation to be frequently 
generated when turning on or off a semiconductor element. 
SOLUTION: A drive circuit uses a voltage detecting means 10 for 
comparing a gate voltage Vg of a semiconductor element 1 with a 
reference value and generating a voltage detect signal Sd to change a 
logical state corresponding to that result, potential divider circuits 21 
and 22 for ON and OFF operations for dividing a gate drive power 
supply voltage Vd, tristate circuits 31 and 32 for which those 
respective potential dividing points are commonly connected with 
output points, and control means 40 for controlling the ON/OFF of a 
pair of those respective transistors corresponding to the logical 
states of an input signal Si and the voltage detect signal Sd. During 
delay time xp or xn from a change in the logical state of the input 
signal Si to a change in the logical state of the voltage detect signal 
Sd, the output points of the tristate circuits 31 and 32 are alternately 
controlled into a floating state, and voltages divided by the potential 
divider circuits 21 and 22 are outputted as intermediate values Vip 
and Vin of output signals Sop and Son. An output signal So is derived 
from the mutual node of drive transistors 50p and 50n for receiving those voltages, and the gate of the 
semiconductor element 1 is driven. 
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(57) [Sfc] 

L^t^mKv cepmm i ©«?g|gtt£W#JL.fc*ie>.x 

*^rs*E^Ui^©ioi, y- h^im^Miivd^^ 
n-r5>*>i(ifpffl6*7ib^© : &iiiiiS2i, 22i. * 

ss3i, 32i. •€-n6©si*t©h7>yx3?©*>*7 

K:*BE^ttHt#sd©S6attM*4^-(t-r -5 * -C©i!*iBiHH 
tp^tn ©IBJli h 7 -fXf"— h@gg3li 32©tH^.* 
^5tC7 d- ht^KSM»UT#ffll?g2i^22fc:<|:5# 
I£*ttJ*fI^Sop, Son©*IBIfiiVip,Vin iLTtti^b, 
^F. &&tt2>mb b 7 > i>X £ 50p , 50n©tBSJm£ 




ISWSiSmil^^fStbfc^BE-r 6#E0SS4 . 1 *f© h 

as«5snfcc©a^*»6**«*^©y- maw 
©w*fli-»««»a3n*h7-fx?-naB4. 
3RT©* > * 7 & Ktimn t mm^mm^ t * 
&ttxmmn<DHmwMtic&c>-c yuxt-y hk© 

i, A^ft^©i^ttS^9&no/c&KmE1*ffifI 

B©«ffi*a*fflr^i urroo ffl-r <t see ufcc tzm 

[»*j®2 ] awsB i KiB«©Bttcc*j(,>-c. ma^gt 

4*!&»4-r*»*y- h¥3w**T©ig*iiii&. 
tit** 3 1 i«$at i K.szm<ommc*s^x . grants 
© i *t©a>EB*©-tnenK:*f v-c b ? >i?a 
jwcss&u h^-/^^-naBrt©h-5>^^** 

>3 ttSfcCc^EBKO-e-ntcS^ltcA-S h 5 >i^x * 

y- i-¥mtm*<z>mib®m. 

£¥3W*3i^©* >»fpffl 4 * 7 Ami tc#M L TgS; 
». *n&©#EJt*liteKK£t,»s,fc9tt:Lfcei 

[133315] 8«*«4{Cffitt©@K{C48t»T. h^-YX 
* k -h0K*#»EB»He*ft/'CiW*. A*ft^©i&ffi 
flfcff'MDSWfcb J: ffe?r*> 6 -*^©^ 

insures. 

ss<t*ncc*fjE£;-rs h^w xt-- na»oa*^n«c: 
**i«bs«*EK#ba:?ij«c&jt!fcL'c. mwmb^y 

^I8©**««^©y- h »E«i*J±#hr^ ;*aii6fifi#s 

y- h«E©±#W4T»^Tiltt*J:5K«E«km# 
SKttftBUSWtt* *> fctt 5 «fc 5 tc 0 C 4 4 1 
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[0 00 1] 

imm±<Dmm&m ##gn§tt*&*y- b'U#-z> b 
^©iajg^^iamE^ifls^^iw^ica-r^igitiisi 

[0 00 2] 

m&cD&w] ±as©ian^©*fe»y- h 

io ;W*-7^£tb-<Ty-h©A;tt-/>y?£>XJ&s 
iSt>©r/hm*r-|g»i-e*, ^-oft^^S^ie-c^ ^ 
^>yr££fij<£##> a*&jsj£©^j$sg© 
flJWfltcjzxsffisn-ct**. u#>u Kircx-^^ 
> y m* z&zt mmEE^mmm^m^. l t, >©-c . 

•5, as^c©^^^^^^*^^^^©^ 
[ o o o 3 ] 0 3 ca) cDGMmcjjk-rmmftm^ 1 «ic 
Ev^w^wz^^ufc^jg-rttfflan^., fli# 

2 tti©»lTii^ii4tfe <3 . *«^3S^ 1 ©^"^Sftfp 
m<Dft.mK<Dftt£*:ffi±-? -5 ^ -f *- F 3 *i3!M?tMi^ 

sn-ct^-s. ig«iiis84{j#«{*3S-?i©^>^-^©t>e 
!S*j^-r sisam-^-c* s 5vsa©A^?®^si^sw 
r. momxitttitmcmmvtmv^mmmKvdit 
m d lsv © mt>m ^so^-r s . 

[0 004] C©W^)fi^So?rmr^©ffi!aRq*^Lr§ 
1 ©y- h tttt-e©x S»iit3l/'?ji 

30 i©racc#m^scqe4Cqc*5*n-en*o. cn6« 
^n^n^^-T-pFi^oA^^ft^a^©^. 
ia»H884 «:«-?-np.?:^Lfc¥*ft^ i ©y- h 

^*Cq4ffM©MB$rartfc3t&S-r^©(c^^j:jgl()Sg 
MK4?n5. 03(b) 403(c) (C|g»rt!S8 

4 © A^m^si 4 m^it-^so©^*^n^n^-r„ 

[0005] 

(a) ©«£ ^ ^£|g«l@8S 4 -C}*^^*^ 1 ©X ^ > 
40 hffil?[Rq©fiinfii*WT:^->^>^Fiai^dr->*7 

2>«E^-en«csfen-5««t{c*«w*ii»^i6ii/4>-r 

<tt*WH3W**. «T. C©«^|3(d) -03 
(f) 5r#MLrijiB3-rs„ 

[ o o o 6 ] m 3 (d) ic^m&m* 1 *5|gi!,0gg4 *» h 
03(o (c5vra9^©a*«^so**wfciB©y-h* 
Evq©®?^*^-r„ Ht(^©y- b^mc^cm^ti)^"- 

*i 3? - > * + >? - y * 7 im 'p®¥m»m* 1 
50 A^w^sEfii^WjSEtttcjro^b-rs©-^ y-h* 
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EEvgtD».JB»HO«t 5 ft*K«c*JWta»Ki D Jlfc 
[ 0 0 0 7 ] H 3 CO iH 3 (f) K*2j«*fRT 1 fcShfr 

i>z*\s{7$ * *bb*eev cet^titcmtizmfc i 

Z> 0 03(f) OJ:^tcmi«i<D^cc(j^->+7B$^: 

ttti*ti7am6hizmibifi±< cc^d^< , snots 
[ooo9] frfrzmmcmfrx, *3m<Dsmm&m 

[0010] 

[ooin ±Mz<omm^^^m&mm^mi\mm 
BE0i5(D-tn«:ia3ajecAs h^>^x^^^y«9ioc$ij 
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[0012] »EEHKtt»^<fcor*— t OX fc<fcl> 

7-/Xf- hH»*f*H3*rA*e#©»»K^- 
[0013]$ 6JCC©»^ »EE@K£»JG&r* h 5 

ay- mum& it ta*ft#*mo m 

•Tel: 5 OCT Z><Di$mmx * & 0 
20 [0014] 

(i)*»^S J f<D^>^^«imc#^9u^c7)m*^ 
»E <7>«iglg»#S * - > * * - > * "7 tifflCD c 

< ttfflcD*2»**^C[>y- h«EEOfttt*SEf bic <fc 0 Bt 

0 b tcftKm* x vfrmn £ i ^ 5 &c u r y - 

30 iii-c, «rSQ«^cc^«fftfetB*©ccio^{bii 
{b*r^B$ra^^>^br, ccD^rap^^SUffli^SiciD 
C3)C©l*BI©«Biat3*|»^accJ:0 h^^x 

Ana C i CCJ: 0 M^O^fWOB Wcoa^cc^ L/c 
<DX$>*> 0 
40 [0015] 

50 afeoi-ra^ *mi&fr&&mMmtcmttmm<D 
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[ o o 1 6 ] m i (a) <D&mmtc7rrriQBrvib&imy 

- b ^mitm* 1 t 2 t^tnic&nts: f 4 F 3 
ttW t ciSiaj htcMZ ©g£3fc W©i#£ 4Ri;r*i. #1% 
■HtcJr&IKttBBttia 1 cb) tc«»*^rA*«-9si* 

^tsnsi£mt®mvim-em?)L-cmm#m : ¥- i ©y 

- h £0 3 (a) ©J: 5 &y_ f. JgiaRq^f 5Ci4< 
[ 0 0 1 7 ] 0 Ha) :/n ^-CfiWSK^-f 

^ff^w^siotjc ©a^jit^sotc «*: d y- f 

LfcteS-C*^^^^ l ©y- hSEEVg^t^r. 

-e©«)iffl^BFf^©saifii i tb« or "g-©ite*fct6 c r 

»r»"r5. 01 (b) ©A*«#ST©i^tK&#S9J9& 
1 Ch) ©fcH^ff-SfSo&UC-y- HSJIVgtt-etl 

1 ©y- f tc«#«§M 3 !,j$ )0 r^©3tScmtc 
eT©^ra^^-r^fc«)Sji«itHfi-^sd©i6atje!gcD^ 2 o 

tttt0 1 CO ©J: 5 (CA#fi#Si J: 0@frp-f>TnT 

[ o o i s ] m i go fc-jAMttriM'-tfK'r #ffl»i*B 

2i<b 22tt¥aS<*^-T- 1 ©y_ h ffl©IBim^ajEvcP&S 

wc»* wet c<Dmmm-ct,mm 

tm* 1 ©^>ifrf^©^-H@K2l<!:*7«tifpfflO[>9-JE 
@SS22<h £5£WT^ft6©#ffi££m>fCtt3£{ts£5er 
#-SJ:^{C-r5„ Cn6©^'iE|5IK21<i:22ttaF!|© < fc5 
{c^<i-etim©^|EffiR2ir i22r **tf*s. 36(c 30 

c©«fe«-r«^BEfiet2ir i22 r l r-en-en 

P^inff$©h7>s;x^2lp i2ln , fc«fc<yt22pi 2 2 
n*i0©J; -5 tcttJWcftlfcSttS. 
[0019] EHttcH 1 Ca) ft-£i|(j|grBA,-C^T h 

5 ^ t— h n&3i± 32«ta^j=5©ifta^^^ ^ i a 
-©2«)ii{c^]f)j^t>5^>/t-^iagsi uroKjfp© 

h@gs32*5g:we,n. fn^tDaiM^B: 40 

t-^»fflilSS2li22©^)I.^i-5-n-€'^a{C«ift$tl : 

Site. h7-f^f- h@i»31©W^>6^>«l^ 
ffl©W^3fe^Sop*s ( H3S§32©fiB^*> ^ 

10020] a*t. cn6h5-rx^-hB»3i4 32tt 

0^© «fc 5 tcmM»«BEvdtC)tt Lpf^h7>yx$ ; 

3ip, 32pteJrO'n^©h7>yx^3in, 32n£-€-ft-e*x < 

BMSIftO-CttO. -eti6©Sl*f©h7>yx^©ffl J 

E«l«j&*#EE0»2i& 22©^flE* £ itjiJtM S nfc ffl 2 
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3Wl^©^t{cj£Dr HuM©anB#P4 r P r n ©ra tc 

[0021] c(ommm<Dmm^mm^EEmm2±t22 

toZZfib? MUSS 3i£ 32© £©:*•> 

*7#3&£*W-r&k©-r. $»KrBcn*A^if 

*^btiBi LTateJrr5©as«fc< 4 c©HJSFj-c« 
*>W)ftm(DT> f y— h 4iij j: o*^" ^sjiff ffl©^-T y 

> -h42*>6«^sn. -en6©a^r-*s*fiffli^s4i 
£ s 42£#rr sta*HcA^«#si£-e©£ 

01 CcD £01 Ce) (C«*l]fflJ(i-^S4l£S42©^*i-e 

[002 2] 0 1 cb) ©A;frff^Si#ci-#.6^ 
^tC^ftL/ci^i, -€-©flSi&«0 1 CO ©HJE&tfJ 

<i^sdtiD-©tfc«i^:©r. *ijep^S4o©r> Fy- h 
4i(cj:^0i co ©*d»e^S4ai*D-r*0. i£-?x 

*&VZi>B<D h 5>y* ^3i P fci^SflSpe-^sdOn 
- ; &^W-Sn?K©F7>i>^i73in{i£fe(c^7b. h 

@K2lrt©M®M^ S 41© D - S p ff2© F 7 > is 
X*21p <^:A^Jl5^S^©>'^^'^ttSn^© |-7>y^ 

^2in*i4^(c^>T-5©-r'. 0ico «c^-r^->it»ff 
[0023] cn«Lt*7«ifflTtt, yry-h 

42JCJ:£0 1 ( e) ©««W3-9S42*»A*e^Si(Ofi%± 
^0 ilUB^wtefrt). h^-f ^T--Hsl8g32p , 9©C 
tl?:SW S pf©f-7 >i>X ir 32 p 0 A#»*f Si 

©^ W S n B© h -5 > y ^ 32 n ifit >T S© 
"C. W**>6«tB3n-501 Cq) iC^-T^-^i&ffffl© 
m73«-^Sontta-©t^{c^cs 0 mf^©iltiB#rar p 

©isa^fC3j->i6fpfflij©$iiaj(i-^s4i^^-<'{cfe^i h 

5-/^- HB8S3i©n^©h^>yx^3in*s^->^- 
£©r. *>i5^©tt}^fi-^sop3&5n-(c^j»)g|t> 
S. 

[002 4] ^(CA^fg^Si*5/%^^P,U-{c^*5^<»: 

3lrt © P B<D b => >i?X ^ 31p ftXJimnsiCD^ j-c* 

> L n B<D b =y >VX $3ln *i*JfflIft#S 4l©a -r* 

*fJffl{g#S42{iSIE^aft^Sd©BU^©ii 

nB#Hr n©fifl{J3:fc;W©t£!&£{5!fi, 

hHi832{i-€-©^^^^ep^©h5>y^4r32p i 
A^Jff ^Si©a n Jg© h 9 >S>* 4? 32n *5 «t 

ifS22©^«A^M-^Si©^-Y?:^^S p J£ h 5>^^ ^ 
22p £$ij^im-^ S 42©^ A 5 n F ? >i?X*22 
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fESftmiS^EEvd^:^l£0/c*P^imJEVinic^:^ o mnm 

A X 7- MUSS 32<D P 7£<D h 7 > * 32 p - 
-C*>b, nJK(Dh^>^X*32n*$WJ»«#Si<DU- 

[0 02 5] «±<D<t W»*a4«3:A*«#Si© 
SftHttlftPfflO *b 0 a«c«BE*kW«#Sd(D««tt»3&s 

- h H&§ 31* 32*? P- htt»CCC<Z>|8««l'rttSSCC 10 

ffitt«jS*JIvd<D^EHiS2i^22W:J:S^E 
tt^ttl^m-^Sop^SonCO^PamEvi p^>Vin i UTttl 

^ElHlK2i^22i^<D|g«««*EvdCc»U^n^ii^J^ 

HlSS31(Dp^(Dh5>> > X^3lp^:A*m 20 
#siQn-CtJ:9*>3-i±&£#, #fflH&S2icDSK*&m 
^mEvdic*f U^n(Cig?tjCCA^ nff£<D h Zsis*%2\ 
n*HCA*«^i©n-(cj:0*7t»K:»W»L/. * 
CD p h ^ > ^X £ 21p ^rWtSlM-^ S 4l(D^ ^ CC J: 9 
*>tfc^C*(Sp-r&o C<Dh^>^X£21n<D*:nc<i; 

<aKm*9& zcttj:< mwrnmnsydcm c w©» 

SttBtciK ciOT*. h^>>>x£2ipor>*>(cj; 
[ 0' 0 2 7 ] H 1 (a) ©HttBTCtt, **t**^ 1 30 

ft:* >»fPffl<DHI*fi#SoP £ * 7»fPffl©Httfi4so 
n £IBNr*ff«EvdK:& L TittaiWftfcS ti/cp 0<D|g 
«j h ^ > S>X £ 50p <!: n 7£<Digi& h ^ £ 50n 

a-r<fc9«c«iastir^i. p»tDig»h^>^x*5o 

ffl^fi-^sopcbson^<i:0*>^6^50c*>*^»ff 40 

[0028] c<Dmjjm^sd l *¥m»m* 1 khs**** 

-h«EEvqT?«>*»K *>»fffflcDffl^m^sop£*^ 
^tiltraiOjinfi^P^ rp^rn F^t^HUmJEvi p *vi n 
CqO^EttmCCfeSTcDI^Iffl**^^^. 0 1 (h) ©<fc 

^^m^m#sop^>sonoci:t-<r^/ce>^Hc^b*rs« 

[ 0 0 2 9 ] CCOm 1 (h) (Dy- hmjEVqCD&^tCtem 50 
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Tf^nrteD, c©««[«r»«BE*ia*aiDK:ia2«: 

Cities !iWa:»^«*ft(cl«ffBO*fil©JlH 

[0 03 0] AAfi^siOaMtCMWsSCfkUftiBLaccffl 
^fl-^Sop *Son (D^P^imEvi p *Vi n 3: — h CC^tt 

rigSjh ^>>^x^5op */c^5on^^->*r^i x -en 

mal-gOlKt^lfi:^ Lttlf SOt, 01(h) &C 

jjk-rx icy- tmsvctzm*— mz}mv\L%±&*) $> 

ffl^<Dil*i«fflrpr*»), 1¥1EV L ^^al^T^ 
S«p|B^*7tttm©iIhlWHr n-C**. 
[0 03 1] Cft65!*iB$Pi8r p^rn^t^S 

£TSi. y-htC*[ffl*Evip*^/c£#a>^ttF 
7>^^50pO^*ftlg^l©y-hg*CgCC*f-rS 
— j£<D%nm$Ll&Z, JSfelCDj:^CCIp= (kp/2>CWpAP) 

(vip-vtp) 2 n?n, &^x*>mfm<DmtmmT 

p«C(D^m«SftlpCDffl*ffl^'Crp=V„ Cq/lptS: 
^T^€>o PHiCCn^h^>^X^50nCCj:Sy- 

+ *>l>m<Dtt& VUh/Ln, Mx^C^ffi^rVtn it^ 
In= Ckn/2)(Wh/Ln)(Vin-Vtn) 2 iC^cD, *^JBjf^B# 

[0 03 2] «±OJ: ^CC»^§ ftfcC<DHSfeWCCteC> 
l<D*>*7lifP«cm^«>=»U^» • 
i ^ v ^ratC^S^Sg«EVce©&^0 1 CD 

©se*w«:tect*Bi3(e) ^3(f) ©ift^<tit«-rn 

«to3!P4±^CC v *«W@KT{i^|ft3R^l<D*>» 
f^B$<Dm« I ■^*^tt^«FCDW»«EVce©ift»K:/h3 

[0 03 3] $e>^c, *»WH»t«fi6*©J:5«cia3 
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mti^rs x P ^ t n warn. htcmt^mwm* 1 <ov- 

tmmr p^TnlH^5^(a-5rii5:5A5 o.i 

* i ~- 2 y s -jum-cib -> tc^mwrni- 1 © * - > * >m 
m^z-yxzsvmzm^ftcD o.5~ i y smgfcjssi 

[0034] &.±^mbtcmmmicm.^-r^mitmi 

KrtUffi^f^r CMOSIUSg ilt«SL?c^, m« 10 
CifettS. #KIIIK©#EEffiJa{Cii:?iJ& h 5 >t>X 

*7»ffi8©2ftli$ra©ia{c:7a- htKJBtciWfflrrs «fc 
«U©#EE[18S£ H18S©ffl*-^t>-«f ©«jff 

fpB#©iiti^©t<>-rn*>©iai/i:w4ipa*)Eic^ j: 5 
«c#»ii* jufe-r s c i fc-c^ &„ 

[0 03 6] 30 

©WfciaHrctt. WEtfttti^fBtc J: fj ¥3«*i!S^© 
y- h«E4^»«JE<!;]t«Lfci(S*(ct£:tra6atfc« 
^QifcfeSWEttHtflmfFt) , #EEiatt(c4Uif*S 
iP© y- h ffl©K«)«ilS)I*§f JEtfc K^EE 3 i± , h 5 
-fXf- MiI8S{C^J£|llS©^IE*<5:*aCC^$tl^ 
-e©m^7*^?.lfea^^-7P- httt8£$i6/c3t£SS 

f*^©*>:t ^ srjg^rr *>\?>is^ tmmmmn<o 

WittlK|£CTF5-fXf-hHBrtOF?>^* 40 

t^^ffct£fc:*ff tefflfi#©»gtm&^t-r s * r 

^©S6fflttffll*7a- ht^(c*iJSPUT#EE|5iggtcJ; 
£fl-ffiffi*£te>jli*t©+li8SJE<B£ L "CIR 0 tfJT c <b 

[0037] o) Ajjmno&mcid-r&'mEEtfimn n 
roc*i< ciicto, y- h©^t;fiwt*c©>t»iH]WE* so 
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rwawtcattTStfry- h*E©£4tift£*iitt&tt 

L-£ct><fc ^ fcjqjffflj-e I? .5 . 
( b) ¥i*f*3R-?©y- h*sfeo#S^e©^«t«(cBtra 

M&mm u-cy-h ^<Dm\MSL^mm-r^< 
©pm^afijciSD-c-^iiwtc^-r s c 

[0 03 8] (c) Sf*©i 'Xcy- f-Jgta£fllt,>£<J*^ 

a*<t < . <t < tc iitiB#ra©S3S^« h^-ixf- vwm 
*yu~ ttmfrt>Mmb-c>?- bim.mm<mnux 
-e-©»^*©3ysa=&*iB#rai^«:^73-t±^c tic* 
d. *2ift^©^->^>^ra^f->^^B#fa^ 

mazy- v&m*m^zmi(Dm»tt&i>-?xi,>tc 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates the insulated-gate semiconductor device for 
power, such as an insulated-gate bipolar transistor (it is called Following IGBT), to the drive 
circuit suitable for turning on and off or generating prevention of the transitional overvoltage at 
the time of carrying out switching operation, or an overcurrent. 
[0002] 

[Description of the Prior Art] Since the input inductance of the gate is high compared with a 
bipolar component and insulated-gate semiconductor devices, such as above-mentioned IGBT, 
have the advantage which can drive with small power and can switch a load by high frequency, 
they are widely adopted as control of the power unit of various applications. However, since it 
will be easy to generate an overvoltage and an overcurrent if switching operation is carried out at 
high speed, it is usually to make the insulated gate carry out on-off control action of the 
semiconductor device by the easy drive circuit, where resistance is connected. Drawing 3 shows 
such a conventional example with the wave of the main related signals. 

[0003] Drawing 3 (a) The semiconductor device 1 shown in the right-hand side section is IGBT, 
and where the load 2 which grounds an emitter side and receives supply voltage V in a collector 
side is connected, it is used. A load 2 is inductivity in the example of drawing, and antiparallel 
connection of the diode 3 which prevents generating of the overvoltage at the time of off 
actuation of a semiconductor device 1 is carried out. The drive circuit 4 emits the same output 
signal So of 15V as the supply voltage Vd by the same logic state as it in the example of drawing 
in response to the about [ 5 V ] input signal Si which is a logic signal which specifies the 
condition of turning on and off of a semiconductor device 1. 

[0004] There is electrostatic capacity Cge and Cgc in the gate of the semiconductor device 1 
which receives this output signal So through the above-mentioned resistance Rg between that 
emitter and collector, respectively, and sufficient drive capacity to carry out the charge and 
discharge of these into the short time of a request of a- 100 number - lOOOpF of numbers, and the 
gate capacitance Cg of a semiconductor device 1 that became, and compounded them in the drive 
circuit 4 since it was big electrostatic capacity, respectively is granted. In addition, drawing 3 (b) 
Drawing 3 (c) The wave of the input signal Si and output signal So of the drive circuit 4 is 
shown, respectively. 
[0005] 

[Problem(s) to be Solved by the Invention] However, above-mentioned drawing 3 (a) In the 
drive circuit [ like ] 4, in order to raise the switching rate of a semiconductor device 1, the drive 
capacity is improved, Or when the resistance of gate resistance Rg is lowered, the turn-on time 
and the turn-off time are contracted and it goes, the problem a transitional vibration becomes 
easy to generate is in the current which flows to the electrical potential difference built over a 
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semiconductor device 1 at the time of turning on and off, or it. the following and this situation - 
drawing 3 (d) - drawing 3 (f) It refers to and explains. 

[0006] Drawing 3 (d) A semiconductor device 1 is the drive circuit 4 to drawing 3 (c). The wave 
of the gate voltage Vg at the time of receiving the shown wave-like output signal So is shown, 
the capacity Cge between gate emitters relevant to the above-mentioned gate capacitance Cg, and 
the capacity Cgc between gate collectors - under turn-on actuation and a turn-off - the wave of 
gate voltage Vg is as [ since it changes with the electrical-potential-difference values and current 
values which the working semiconductor device 1 receives ] it is shown in drawing — ** — a 
simple charge-and-discharge wave — it becomes and differs. 

[0007] Drawing 3 (e) Drawing 3 (f) The wave of the current I which flows to the electrical 
potential difference Vce between collector emitters concerning a semiconductor device 1 and it 
is shown, respectively. Drawing 3 (e) Although there is no vibration in the wave at the time of 
the turn-on of an electrical potential difference Vce like, a big vibration appeared in the wave at 
the time of a turn-off, and sharp peak voltage has occurred. Drawing 3 (f) Although some 
vibration appears in the wave of Current I like at the time of a turn-off, a big vibration appeared 
at the time of a turn-on, and the very sharp peak current has occurred. 

[0008] At the time of the turn-on of a semiconductor device 1, it is on the current I so that it may 
understand from now on, So that it is easy to produce especially a respectively transitional 
vibration on an electrical potential difference Vce at the time of a turn-off and the amplitude of 
vibration has the large driving force of the drive circuit 4, so that the resistance of gate resistance 
Rg is low There is an inclination for a load 2 to increase rapidly by inductivity, so that the 
inductance value is large., Thus, the actual condition is that a transitional vibration generated 
along with the on-off control action when raising the switching rate of a semiconductor device 1 
and going is ****. 

[0009] The purpose of this invention is in view of this present condition to offer the drive circuit 
which can raise a switching rate conventionally, controlling the transient vibration which is easy 
to produce at the time of the turn-on of an insulated-gate semiconductor device, and a turn-off. 
[0010] 

[Means for Solving the Problem] The electrical-potential-difference detection means which emits 
the electrical-potential-difference detecting signal from which a logic state switches according to 
the comparison result of the reference value of the electrical-potential-difference value in 
response to the electrical potential difference which the above-mentioned purpose requires for 
the gate of a semiconductor device according to this invention, The partial pressure circuit which 
pressures the drive supply voltage of the gate partially to a predetermined ratio, Series 
connection of one pair of transistors is carried out to drive supply voltage. Both Point of 
Interface as an outputting point The tri-state circuit where the output signal which drives the gate 
of a semiconductor device is drawn from this outputting point that that logic state was controlled 
by the tri-state including a float condition, and was connected with the partial pressure point of a 
partial pressure circuit in common, The control means which controls the on-off condition of the 
transistor of a tri-state circuit according to the logic state of both signals in response to the input 
signal and electrical-potential-difference detecting signal which specify turning on and off of a 
semiconductor device is used. After the logic state of an input signal switches, the inside of time 
amount until the logic state of an electrical-potential-difference detecting signal switches is 
attained by controlling a tri-state circuit by the control means in the float condition, and taking 
out the partial pressure value by the partial pressure circuit as an output signal. 
[001 1] The hysteresis property on actuation can be given to the electrical-potential-difference 
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detection means said during the above-mentioned configuration so that the reference values 
which should compare the gate voltage value of a semiconductor device may differ in the time of 
the rise of gate voltage, and descent. Moreover, it is advantageous to connect a transistor to each 
of one pair of partial pressure elements at a serial, to control the transistor which goes into it of a 
partial pressure circuit at a serial to an OFF state, in case the transistor in a tri-state circuit is 
made to turn on, and to control the transistor which goes into juxtaposition further at it to an ON 
state in a partial pressure circuit. It is easiest to constitute a control means as a logic gate thru/or 
its combinational circuit. 

[0012] As for a partial pressure circuit, it is most rational to dissociate and prepare in the object 
for ON actuation and the object for off actuation of a semiconductor device, and to enable it to 
set up those division ratios independently by the case, although it is good also as single. Even in 
this case, although it is also possible for a tri-state circuit to be single and to finish, it is 
advantageous to make a tri-state circuit accompany for every partial pressure circuit, and to 
control by the control means in the float condition by turns according to the change on another 
side from one side of the logic state of an input signal and the change to one side from another 
side. 

[0013] It is advantageous to prepare the drive transistor which furthermore receives an output 
signal from both for every combination of a partial pressure circuit and a corresponding tri-state 
circuit in this case, to connect these drive transistors the object for ON actuation and for OFF 
actuation to a serial to drive supply voltage, and to take out an output signal from the Point of 
Interface of both the drive transistor as an object for a gate drive to a semiconductor device. 
[0014] 

[Function] The drive circuit of the insulated-gate semiconductor device by this invention (1) The 
above-mentioned current accompanying the on-off control action of a semiconductor device and 
the transient vibration of an electrical potential difference note the point of the turn-on time or 
the turn-off time induced very much by the abrupt change of the gate voltage of an early 
semiconductor device. As it is not made to go on only to the partial pressure value which set up 
the charge and discharge of the gate immediately after initiation of on-off control action by that 
cause by the partial pressure circuit said to the configuration of the preceding clause, a gate 
change-of-potential rate is controlled to extent by which the transient vibration is not induced. 
(2) Paying attention to the point that the charge and discharge in that case surely take some time 
amount, the time amount which should control a change rate with the electrical-potential- 
difference detection means said to the configuration of the preceding clause is set up from the 
time amount from which gate voltage changes to a predetermined reference value. The inside of 
this time amount sets a tri-state circuit in the float condition by the control means. After this 
passage of time cancels a tri-state circuit of a float condition by the control means, and makes a 
tri-state circuit drive the gate of a semiconductor device. (3) — [ furthermore, ] It succeeds in 
achievement of the above-mentioned desired end by making the charge and discharge complete 
and putting in a semiconductor device in a short time, at the on-off condition of normal. 
[0015] 

[Example] Next, the example of this invention is explained with reference to drawing. Drawing 1 
is the circuit diagram of the example showing the drive circuit by this invention with a 
semiconductor device, and the related wave form chart of the main signals, and drawing 2 is an 
operating-characteristic Fig. in the case of giving the hysteresis on actuation to an electrical- 
potential-difference detection means, in addition, although a partial pressure circuit is separately 
established in the object for ON actuation and the object for OFF actuation of a semiconductor 
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device, one pair of the partial pressure elements shall resemble each partial pressure circuit, 
respectively, it shall receive, and series connection of the transistor shall be carried out and a tri- 
state circuit shall be prepared in the example explained below corresponding to each partial 
pressure circuit, this invention can be carried out in the mode which deformed variously not only 
within the limits of this example but within the limits of the above-mentioned summary. 
[0016] Drawing 1 (a) The diode 3 in parallel with the insulated-gate semiconductor device 1, the 
load 2, and it which are IGBT shown in the right-hand side section is the same as the case of the 
conventional example of drawing 3 explained above. The drive circuit by this invention is 
drawing 1 (b). The input signal Si which shows a wave is received and it is drawing 1 (h). In the 
example of illustration of the output signal So which shows a wave, it outputs by the same logic 
state as an input signal Si, and is drawing 3 (a) about the gate of a semiconductor device 1. It 
drives through the gate resistance [ like ] Rg. 

[0017] Drawing 1 (a) The electrical-potential-difference detection means 10 shown in a center 
section simple with a block is drawing 1 (c) in response to the gate voltage Vg of the 
semiconductor device 1 which is the result of carrying out the charge and discharge of the gate 
with this output signal So about the electrical-potential-difference detecting signal Sd from 
which a logic state changes that electrical-potential-difference value according to that result as 
compared with a predetermined reference value. It emits by the shown wave. Drawing 1 (b) 
When the logic state of an input signal Si switches, it is drawing 1 (h). For an output signal So 
thru/or gate voltage Vg, although a standup and falling are immediately started according to it, in 
order for there to be electrostatic capacity in the gate of a semiconductor device 1 and for the 
charge and discharge to take some time amount, change of the logic state of the electrical- 
potential-difference detecting signal Sd is drawing 1 (c). Only the short time shown by taup or 
taun from an input signal Si like by a diagram is overdue. 

[0018] Drawing 1 (a) By the partial pressure circuits 21 and 22 surrounded and shown with an 
alternate long and short dash line pressuring it partially to a predetermined ratio in response to 
the drive supply voltage Vd for the gates of a semiconductor device 1, by the case, although it is 
possible to also make only one piece require, in this example, the partial pressure circuit 21 for 
ON actuation of a semiconductor device 1 and the partial pressure circuit 22 for OFF actuation 
are formed, and it enables it to set up those division ratios mutually-independent. These partial 
pressure circuits 21 and 22 are [ as opposed to / further / at this example / each partial pressure 
resistance 21r and 22r ] the transistors 21p and 2 In of p form and n form, respectively, although 
one pair of partial pressure resistance 21r and 22r is included like usually, respectively, And 22p 
and 22n are connected to a serial as shown in drawing. 

[0019] It is drawing 1 (a) similarly. The tri-state circuits 31 and 32 surrounded and shown with 
an alternate long and short dash line are tri-state circuits controlled by the float condition besides 
as an inverter circuit actuation that the logic state of an outputting point switches to yes at two 
low conditions. In this example, corresponding to the above-mentioned partial pressure circuits 
21 and 22, the tri-state circuit 32 the tri-state 31 for ON actuation of a semiconductor device 1 
and for off actuation is formed, and it connects with the partial pressure point of the partial 
pressure circuits 21 and 22 that those outputting points correspond, in common, respectively. 
Moreover, the output signal Sop for ON actuation from the outputting point of the tri-state circuit 
31 The output signal Son for off actuation is drawn from the outputting point of the tri-state 
circuit 32, respectively. 

[0020] In addition, these tri-state circuits 31 and 32 come to carry out series connection of 
transistor 3 In of transistor 31p of p form, 32p, and n form, and the 32 n to the drive supply 
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voltage Vd, respectively like illustration. It is what makes the Point of Interface of one pair each 
of those transistors the outputting point by which common connection was made with the partial 
pressure point of the partial pressure circuits 21 and 22. Next, according to the change on another 
side from one side of the logic state of an input signal Si, and change of the hard flow, between 
the above-mentioned time delay taup or taun is controlled by the control means 40 to express by 
the float condition by turns. 

[0021] The control means 40 of this example is what controls the on-off condition of the 
transistor of the partial pressure circuits 21 and 22 and the tri-state circuits 31 and 32. Are good 
to constitute this from this invention as the logic gate which receives an input signal Si and the 
electrical-potential-difference detecting signal Sd, or its combinational circuit. In this example, it 
consists of AND gate 41 for ON actuation, and OR gate 42 for off actuation, and the control 
signals S41 and S42 which are those outputs are emitted, and also an input signal Si is outputted 
as it is. drawing 1 (d) Drawing 1 (e) **** ~ the wave of control signals S41 and S42 is shown, 
respectively. 

[0022] Now and drawing 1 (b) Supposing an input signal Si changes from a low to a high, it is 
drawing 1 (c) immediately after that. Since the electrical-potential-difference detecting signal Sd 
is in a low condition Drawing 1 by AND gate 41 of a control means 40 (d) A control signal S41 
is a low. Therefore, it turns off both transistor 3 In of n form where the low of transistor 31p of p 
form which receives the high of the input signal Si of the tri-state circuit 31 for ON actuation, 
and a control signal Sd is received, and the tri-state circuit 3 1 will be in a float condition. Since 
both transistor 21n of n form where transistor 21p of p form and the high of an input signal Si 
which receive the low of the control signal S41 in the partial pressure circuit 21 are received on 
the other hand turns on, it is drawing 1 (f). The shown output signal Sop for ON actuation 
becomes the intermediate voltage Vip which pressured the drive supply voltage Vd partially by 
the partial pressure circuit 21. 

[0023] On the other hand, drawing 1 according to NOR gate 42 at an OFF actuation side (e) 
Drawing 1 drawn from an outputting point since transistor 32n of n form where a control signal 
S42 becomes a high to the standup and coincidence of an input signal Si, transistor 32p of p form 
which receives this in the tri-state circuit 32 turns off, and the high of an input signal Si is 
received turns on (g) The shown output signal Son for OFF actuation will be in a low condition. 
Since transistor 3 In of n form of the tri-state circuit 31 turns on if the control signal S41 by the 
side of ON actuation becomes a high after progress of the above-mentioned time delay taup, the 
output signal Sop for ON actuation switches to a low. 

[0024] next, the input signal Si - yes - since - if it changes to a low - a control signal S41 » 
immediately — a low - changing — transistor 31p of p form in the tri-state circuit 31 - an input 
signal Si — yes, since it comes out, and it turns on and transistor 3 In of n form turns off in the 
low of a control signal S41, the output signal Sop for ON actuation changes to a high condition. 
On the other hand, a high condition is still maintained between the above-mentioned time delay 
taun of the electrical-potential-difference detecting signal Sd, and since both transistor 32n of n 
form where transistor 32p of p form and the low of an input signal Si which receive the high are 
received turns off the tri-state circuit 32, a control signal S42 will be in a float condition. 
However, since both n form transistor 22n that receives the high of p form transistor 22p which 
receives the high of an input signal Si, and a control signal S42 turns on the direction of the 
partial pressure circuit 22, the output signal Son for off actuation becomes the intermediate 
voltage Vin which pressured the drive supply voltage Vd partially, if a control signal S42 
changes to a low after progress of time delay taun, transistor 32p of p form of the tri-state circuit 
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32 turns on in that low — since transistor 32n of n form turns off in the low of a control signal Si, 
this output signal Son starts on the high electrical potential difference Vd from intermediate 
voltage Vin. 

[0025] As mentioned above, the duty to which control the tri-state circuit 3 1 and 32 by this 
example by turns in the float condition between time delay taup until the logic state of an input 
signal Si switches and the logic state of the electrical-potential-difference detecting signal Sd 
switches behind, or taun, and a control means 40 makes the partial pressure circuit 21 of the 
drive supply voltage Vd and the partial pressure value by 22 output as an output signal Sop, the 
intermediate voltage Vip of Son, or Vin is achieved. 

[0026] In addition, when carrying out inverter actuation of those other than a float condition to 
the tri-state circuit 31 or 32, in case the control means 40 in this example makes that transistor 
turn on, it surely controls the transistor which goes into it at a serial to the partial pressure circuit 
21 or the drive supply voltage Vd in 22 to an OFF state, and it controls the transistor which goes 
into juxtaposition further to an ON state. For example, when making transistor 31p of p form of 
the tri-state circuit 3 1 turn on by the low of an input signal Si, transistor 21n of n form where it 
goes into it to the drive supply voltage Vd of the partial pressure circuit 21 at a serial is 
controlled by the low of the same input signal Si to an OFF state, and transistor 21p of the p form 
is controlled by the high of a control signal S41 to an ON state. Lycium chinense can do the 
output signal Sop which tri-state 3 1 emits by OFF of this transistor 21n in the same high logic 
state as the drive supply voltage Vd, without being influenced of the partial pressure circuit 21, 
and it can be made much more reliable by ON of transistor 21p. 

[0027] Drawing 1 (a) In the example of a circuit The output signal Sop for ON actuation 
generated as mentioned above in order to heighten the drive capacity over a semiconductor 
device 1, and the output signal Son for off actuation are received in drive transistor 50n of drive 
transistor 50p of p form where it connected with the serial to the drive supply voltage Vd, and n 
form, respectively. Drawing 1 which drives the gate of a semiconductor device 1 from both Point 
of Interface (h) It is constituted so that the output signal So which shows a wave may be taken 
out. Drive transistor 50n of the object for charge of the electrostatic capacity Cg in which the 
gate of a semiconductor device 1 has drive transistor 50p of p form, and n form is the object for 
discharge, and, of course, on-off operation is carried out by turns with both the output signals 
Sop and Son. 

[0028] this output signal So is also the gate voltage Vg concerning a semiconductor device 1, 
and the output signal Sop for ON actuation and the output signal Son for OFF actuation switch 
via intermediate voltage Vip or Vin into the above-mentioned time delay taup or taun, 
respectively at the time of the change of state of an input signal Si and - since the charge and 
discharge of the gate capacitance Cg of a semiconductor device 1 also take some time amount — 
drawing 1 (h) It becomes the wave which changes gently-sloping compared with an output signal 
Sop or Son like. 

[0029] This drawing 1 (h) The hysteresis on actuation as the reference value with which that 
electrical-potential-difference value is compared shown to the wave of gate voltage Vg with the 
electrical-potential-difference detection means 10 and shown in the electrical-potential- 
difference detection means 10 in this example at drawing 2 is given, and it is the reference 
voltage VH at the time of the rise of gate voltage Vg. Reference voltage VL at the time of 
descent It is constituted so that it may differ. Gate voltage Vg is reference voltage VH about the 
logic state of the electrical-potential-difference detecting signal Sd like [ this electrical-potential- 
difference detection means 10 ] drawing 2 . VL When it becomes, although it is good by giving 
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the hysteresis property of the usual direction of a counterclockwise rotation shown that it makes 
it change, respectively by the arrow head by a diagram, it is also possible to give it the hysteresis 
property of the direction of a clockwise rotation, when required. This hysteresis property is the 
reference value VH of the upper and lower sides of the one half of the drive supply voltage Vd of 
1 5 V of 7.5V. VL It is good to set up so that Difference dV may be set to 2-severalV. 
[0030] if the drive transistors 50p or 50n turn on in response to an output signal Sop, the 
intermediate voltage Vip of Son, or Vin to the gate immediately after the logic state of an input 
signal Si changes, since they will operate in a saturation region and will charge thru/or discharge 
the gate capacitance Cg of a semiconductor device 1 with the current of about 1 law — drawing 1 
(h) Gate voltage Vg starts or falls with inclination about 1 law so that it may be shown, this gate 
voltage Vg — reference voltage VH of the electrical-potential-difference detector 10 time delay 
taup at the time of ON actuation of the above-mentioned [ time amount until it starts ] — it is ~ 
reference voltage VL up to — the time amount which falls is time delay taun at the time of OFF 
actuation. 

[0031] It is as follows when the point which sets up these time delay taup and taun is described 
concretely. Now, the constant decided by the mobility of the channel of transistor 50p of p form 
and electrostatic capacity of gate oxide is set to kp, It is the ratio of the channel width and 
channel die length Wp/Lp It carries out and is Vtp about the gate threshold. If it carries out The 
fixed charging current Ip over the gate capacitance Cg of the semiconductor device 1 of drive 
transistor 50p when receiving intermediate voltage Vip in the gate It is Ip=(kp/2) (Wp/Lp) (Vip- 
Vtp) 2 as everyone knows. It is expressed, therefore time delay taup at the time of ON actuation 
can be set up by taup=VH Cg/Ip using the value of this charging current Ip. The discharge 
current In over the gate capacitance Cg by n form transistor 50n is kn similarly about the 
constant decided by the channel mobility and electrostatic capacity of gate oxide, Ratio of 
channel width and channel length Wn/Ln It is Vtn about a gate threshold. When it carries out, it 
is In=(kn/2) (Wn/Ln) (Vin- Vtn) 2. It becomes and the time delay at the time of off actuation can 
be set up by taun=VL Cg/In. 

[0032] It is drawing 1 (i) about the wave of the both-ends electrical potential difference Vce built 
between that collector emitter in connection with the on-off control action of a semiconductor 
device 1 in this example constituted as mentioned above. It is drawing 1 (j) about the wave of the 
current I which shows and flows to it. It is shown. Drawing 3 in the above-mentioned 
conventional example (e) Drawing 3 (f) If it compares with a wave, although a peak small to the 
current I at the time of ON actuation of a semiconductor device 1 and the wave of the both-ends 
electrical potential difference Vce at the time of OFF actuation comes out, the big overcurrent or 
big overvoltage accompanying transient vibration like before will not be produced in this 
invention circuit, so that it may understand. 

[0033] Furthermore, it is drawing 3 (a) like [ in this invention circuit ] before. It is not necessary 
to use the shown gate resistance Rg, and especially after time delay taup and taun pass, the 
charge and discharge of the gate of a semiconductor device 1 can be completed very much in a 
short time. Although time delay taup and taun change, of course with cases 0.1-0.5 It is the 
abbreviation one half which is set up within the limits of muS about the turn-on time and the 
turn-on time of a semiconductor device 1 which it was good and were l-2microS need 
conventionally by this. It can be shortened about [ 0.5-lmicro ] to S. 

[0034] Not only an example but this invention explained above can be carried out in various 
modes. For example, although all drive circuits were constituted from an example as a CMOS 
circuit, it can also constitute, for example as a bipolar circuit. Even if it does not give a hysteresis 
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property of operation like an example to an electrical-potential-difference detection means, the 
division ratio of a partial pressure circuit can also adjust a setup of a time delay. An in-series 
transistor can be omitted to partial pressure resistance of a partial pressure circuit, and, on the 
whole, circuitry can also be simplified. 

[0035] Moreover, although the partial pressure circuit for ON actuation and the partial pressure 
circuit for off actuation were used in the example, in order to simplify circuitry, a single partial 
pressure circuit is prepared common to both actuation, and you may make it control a 
corresponding tri-state circuit by the control means in the float condition between the time delays 
at the time of ON actuation and off actuation. Of course, the control means in this embodiment 
can be easily constituted so that on-off control of the transistor in a tri-state circuit may be 
carried out to compensate for actuation required for it. Furthermore, an output signal can also 
carry out this invention so that between either of the time delays at the time of ON actuation and 
OFF actuation may become intermediate voltage, so that the wave of the combination of the 
partial pressure circuit by the side of the ON actuation in an example and OFF actuation and a 
tri-state circuit of operation may show. 
[0036] 

[Effect of the Invention] In the drive circuit of the semiconductor device by this invention, as 
explained above With an electrical-potential-difference detection means The gate voltage of a 
semiconductor device The electrical-potential-difference detecting signal from which a logic 
state switches according to the result compared with reference voltage is made, A partial 
pressure circuit is made to carry out the partial pressure of the drive supply voltage for the gates 
of a semiconductor device to a predetermined ratio. A logic state from the outputting point 
connected with the partial pressure point of a partial pressure circuit in common in the tri-state 
circuit a float condition The output signal controlled by the included tri-state is generated, 
according to the logic state of the input signal and electrical-potential-difference detecting signal 
which specify turning on and off of a semiconductor device by the control means, turning on and 
off of the transistor in a tri-state circuit is controlled. The inside of a time delay until the logic 
state of an electrical-potential-difference detecting signal changes after the logic state of an input 
signal changing by the control means The following effectiveness can be mentioned by 
controlling the logic state of the outputting point of a tri-state circuit in the float condition, and 
taking out the partial pressure value by the partial pressure circuit as an intermediate voltage 
value of an output signal. 

[0037] (a) To the intermediate voltage which pressured drive supply voltage partially for the 
output signal which drives the gate of a semiconductor device by the partial pressure circuit, by 
Lycium chinense, the inside of the time delay of change of the electrical-potential-difference 
detecting signal to change of an input signal advances the charge and discharge of the gate 
partially to this intermediate voltage, and it can control a gate change-of-potential rate so that the 
transient vibration may not be induced. 

(b) Moreover, the time delay to which time amount should control a gate change-of-potential rate 
using a required point can be rationally set as the charge and discharge of the electrostatic 
capacity which the gate of a semiconductor device has according to the electrostatic-capacity 
value of the gate simply and correctly from the time amount from which the electrical-potential- 
difference value changes with electrical-potential-difference detection means to a predetermined 
reference value. 

[0038] (c) It is not necessary to use gate resistance like before, and especially after progress of a 
time delay can shorten the turn-on time and the turn-off time of a semiconductor device to 
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conventional one half extent by canceling a tri-state circuit of a float condition, driving the gate 
strongly directly, and making the charge and discharge of the electrostatic capacity complete in a 
short time. Thus, it makes it possible to expand conventionally the frequency in which the 
switching operation is possible to a RF field side, this invention solving the conflict between 
control of the transient vibration of the electrical potential difference which the conventional 
drive method which uses gate resistance had, or a current, and improvement in the speed of a 
switching rate thru/or the problem of a trade-off, and protecting a semiconductor device from the 
overvoltage by the transient vibration, or an overcurrent safely. 

[0039] In addition, the embodiment of this invention which gives the hysteresis property on 
actuation so that it may be the reference voltage which should be compared with an electrical- 
potential-difference detection means with the gate voltage of a semiconductor device at the rise [ 
of gate voltage ] and downward time and they may differ has the advantage which can set up a 
gate change-of-potential rate correctly so that generating of the transient vibration may be 
controlled certainly according to it, when the transient characteristics of a semiconductor device 
or its load differ in the time of ON actuation and off actuation. Moreover, the mode which 
controls the transistor which goes into it of a partial pressure circuit at a serial in case a transistor 
is connected to a serial to each partial pressure element of a partial pressure circuit and the 
transistor in a tri-state circuit is made to turn on to an OFF state, and the mode which controls the 
transistor which goes into juxtaposition further at it to an ON state have the effectiveness which 
strengthens the driving force of the gate and accelerates the switching rate of a semiconductor 
device. The mode which constitutes a control means combining a logic gate or it has the 
advantage which can control correctly actuation of a tri-state circuit or a partial pressure circuit 
by easy circuitry. 

[0040] The mode which separates and establishes a partial pressure circuit in the object for ON 
actuation and OFF actuation, and sets up a division ratio independently, and the mode which 
prepares a tri-state circuit for every partial pressure circuit further are effective in the ability to 
set up independently the gate change-of-potential rate at the time of ON actuation of a 
semiconductor device, and OFF actuation according to a property so that the transient vibration 
may be prevented certainly. The mode which prepares a drive transistor for every combination of 
the object for ON actuation, the partial pressure circuit for OFF actuation, and a tri-state circuit, 
draws an output signal from the Point of Interface of both the drive transistor, and drives the gate 
of a semiconductor device has the effectiveness which strengthens the driving force to the gate 
and raises the switching rate of a semiconductor device while it carries out the charge and 
discharge of the gate to an intermediate- voltage value by the fixed saturation current of a drive 
transistor and makes a setup of a time delay exact. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrical-potential-difference detection means which emits the electrical- 
potential-difference detecting signal from which a logic state switches according to a comparison 
result with the reference value of the value in response to the electrical potential difference 
concerning the gate of a semiconductor device, The partial pressure circuit which pressures 
partially the drive supply voltage for the gates to a predetermined ratio, It comes to carry out 
series connection of one pair of transistors to drive supply voltage. Both Point of Interface as an 
outputting point The tri-state circuit where the output signal for the gate drive of a semiconductor 
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device is drawn from this outputting point that that logic state was controlled by the tri-state 
including a float condition, and common connection was made with the partial pressure point of 
a partial pressure circuit, It has the control means which controls the on-off condition of the 
transistor of a tri-state circuit according to the logic state of both signals in response to the input 
signal and electrical-potential-difference detecting signal which specify turning on and off of a 
semiconductor device. The inside of time amount until the logic state of an electrical-potential- 
difference detecting signal changes after the logic state of an input signal switches is the drive 
circuit of the insulated-gate semiconductor device characterized by controlling a tri-state circuit 
by the control means in the float condition, and taking out the partial pressure of a partial 
pressure circuit as an output signal. 

[Claim 2] The drive circuit of the insulated-gate semiconductor device characterized by 
constituting a control means as a logic gate thru/or its combinational circuit in a circuit according 
to claim 1 . 

[Claim 3] the drive circuit of the insulated-gate semiconductor device which one pair of partial 
pressure elements of a partial pressure circuit are alike, respectively, and is characterized by 
controlling the transistor which goes into it of a partial pressure circuit at a serial in case it 
receives, a transistor is connected to a serial and the transistor in a tri-state circuit is made to turn 
on to an OFF state in a circuit according to claim 1. 

[Claim 4] The drive circuit of the insulated-gate semiconductor device characterized by 
separating and establishing a partial pressure circuit in the object for ON actuation and the object 
for off actuation of a semiconductor device in a circuit according to claim 1, and enabling it to 
set up those division ratios independently. 

[Claim 5] The drive circuit of the insulated-gate semiconductor device characterized by 
preparing a tri-state circuit to each partial pressure circuit, and making it control by the control 
means in the float condition by turns in a circuit according to claim 4 according to the change on 
another side from one side of the logic state of an input signal, and the change to one side from 
another side. 

[Claim 6] The drive circuit of the insulated-gate semiconductor device characterized by to 
prepare the drive transistor which receives an output signal from both circuits for every 
combination of each partial pressure circuit and the tri-state circuit corresponding to it in a circuit 
according to claim 5, to connect this object for ON actuation, and the drive transistor for OFF 
actuation to a serial to drive supply voltage, and to derive an output signal from the Point of 
Interface of both the drive transistor as an object for a gate drive to a semiconductor device. 
[Claim 7] The drive circuit of the insulated-gate semiconductor device characterized by giving a 
hysteresis property of operation to an electrical-potential-difference detection means so that it 
may be the reference value which should compare the gate voltage value of the semiconductor 
device of an electrical-potential-difference detection means at the rise [ of gate voltage ], and 
downward time and they may differ in a circuit according to claim 1. 
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